Different cross-sectional studies conducted in the last two decades in Spain, including reports based on the National Health Interview Surveys (Encuestas Nacionales de Salud or ENS's) (1±5), indicate a gradual increase in demand for dental care over time. This trend seems to affect all age groups, though the demand by younger individuals is somewhat greater. However, single cross-sectional surveys cannot distinguish whether the pattern in dental service demand depends on age, cohort, or possible period effects. This information could prove very important in evaluating and adapting health policy (6) .
The concepts of age, period and cohort can be interpreted as follows (adapted from ref. 7) . Age is an indicator of biological, psychological, and behavioural processes and events associated with maturity and ageing. Advanced age may imply a decline in physical ability, including an accumulation of oral problems such as caries and periodontitis. Period effects comprise all sorts of discrete events that occur at or between the temporal points of observation and may be caused by changes in the physical and social environment, in health policies, or in reporting and measurement techniques. Such changes have the potential to in¯uence entire populations during a given historical time period. A cohort is a set of individuals who have experienced a particular basic event in the same period, the common event most often being birth. Cohort effects may be caused by historical differences in social and physical environments in earlier years, by genetic differences between the cohorts themselves, or by differences in the size and structure of cohorts. Determining age, cohort and period in¯uences is very useful for identifying and interpreting trends in health or behaviour. For example, changes in dentist utilisation over time may be related to the ageing of a population. However, birth cohort factors, such as positive role models in the educational realm or the mass media, might help shape the behaviour of youth. Period effects may also play an important role; for example the great increase in the number of dentists in Spain since the 1980s. In 1980 the population/dentist ratio was 9,506 (37.5 mill. pop./3,946 dentists), whereas in 1996 the ratio was 2,637 (39.3 mill. pop./14,900 dentists) (8) .
Age-period-cohort analysis (commonly known as cohort analysis) refers to a family of study designs and analytical techniques that attempt to separate age, period, and cohort effects in order to assess changes over time in various characteristics of the population. Cohort studies may take the form of panel studies, which track the same individuals over time, or intracohort or synthetic studies, which trace different representative samples of the cohort over time (for example, consecutive cross-sectional surveys). Whereas panel studies can be used to evaluate both individual and aggregate change, intracohort studies provide information about aggregate net change alone (6) . Both panel studies (e.g. 9, 10) and intracohort studies (e.g. 7, 11±15) have been successfully applied to different areas of dentistry.
The present study used sequential cross-sectional samples of non-institutionalised inhabitants of Spain (data from ENS surveys) to examine dental utilisation by standard cohort tables and regression techniques. The objective was to determine which of the effects of age, period (from 1987 to 1997) and cohort (birth-cohort) can best explain the variation in dental utilisation over time.
Material and methods
Relative to the source of data, a brief description of the ENS is presented below. The study was based on the ENS's corresponding to years 1987 (ENS87, n=39,751) (2); 1993 (ENS93, n=26, 314) (3); and 1997 (ENS97, n=8, 383) (5). They were based on representative weighted samples, using a complex multistage sample design, of the non-institutionalised Spanish population. Since only the ENS93 included data from Ceuta and Melilla (two Spanish cities in northern Africa), this combined population was excluded from the analysis, resulting in an n=25,914 for the ENS93.
Respondents had been asked their age, and whether they had visited the dentist for examination, counselling or treatment of dental/oral problems during the previous 3 months (yes/no). After excluding those with no valid answer to these two questions, the effective sample sizes for this study were 39,618; 25,407; and 8,349; respectively for ENS87, ENS93 and ENS97. The ENS87 was conducted in July 1987, the ENS93 in February 1993, and the ENS97 was spread out over all that year. Since the key question for the purposes of this paper refers to dental visiting in the previous 3 months, weights were adjusted by linear interpolation between two consecutive years to represent the Spanish population (excluding Ceuta and Melilla) as of June 1st, 1987 (ENS87), January 1st, 1993 (ENS93), and June 15th, 1997 (ENS97). Population data were taken from the Spanish Bureau of Statistics (Instituto Nacional de Estadõ Âstica). These dates represent 1.5 months before the mean date of each survey. Thus, strictly speaking, ENS87 and ENS93 are separated by 5.5 yr, whereas ENS93 and ENS97 are separated by 4.5 yr.
The 10-yr trend in visiting the dentist was analysed in two steps. First, a standard cohort table was built (Table 1 ) (see ref. 6 ). Using the DESCRIPT procedure in SUDAAN software (16) , age-speci®c groups were established with 5-yr spacing, as data collection had also been at approximately 5-yr intervals. The percentages of people visiting the dentist during the previous 3 months were calculated, resulting in synthetic birth cohorts of people along the diagonals of Table 1 . In a standard cohort table, age effects may be determined by examining intracohort differences (i.e. by reading diagonally down and to the right); cohort effects by examining intercohort changes (i.e. by reading down the columns); and period effects by comparing the same age group at one point in time with that at another point in time (i.e. by reading across the rows) (17) . This introduces some A second objective of this study was to estimate the separate effects of age, period and cohort on the trend in dental visits. When no restrictions are put on age effects, the effects of cohort and period are basically indistinguishable. Assuming that the age effect is ®xed, cohort and period effects can be separated following a strategy proposed by CLAYTON & SCHIFFLERS (18, 19) . This restriction implies that no interaction between age and period, or between age and cohort, is allowed. A series of logistic models containing the terms listed in Table 2 was ®tted sequentially. The set of nested models consisted of age, age-drift, age-period, agecohort, and age-period-cohort models. The age model consists of 18 indicator variables, with age 35±39 chosen arbitrarily as the reference category. The age-drift model consists of the 18 indicator variables for age, plus the three time periods entered as a continuous variable. Drift is a regular trend, equally well described by either age-period or age-cohort models. If the model drift does not adequately describe the data, the trend is irregular, and can be attributed to period or cohort in¯uences (18) . The age-period model consists of the 18 indicator variables for age, plus two indicator variables for time period (year 1993 arbitrarily chosen as reference category). The age-cohort model, in turn, consists of the 18 indicator variables for age, plus 20 indicator variables for the 21 birth cohorts (birth-cohort 1958±1962 arbitrarily chosen as reference category). Finally, the age-period-cohort model consists of the indicator variables for age, period, and cohort. In testing the models against one another to determine which models out of a nested set were preferred, differences in deviance with appropriate degrees of freedom were used (18, 19) . The LOGISTIC procedure in SUDAAN was applied after placing data from the three ENS's in a joint data base. The goodness-of-®t of the models was determined by means of the Hosmer and Lemeshow test, using the LOGISTIC procedure in STATA statistical software (20) , as it is not available in SUDAAN; a lack of ®t (P<0.05) means the model is not valid. Further testing of goodness-of-®t was performed by means of the Chi-square test, arriving at the same conclusions (results not shown).
Results
In identifying patterns in a standard cohort table (as  Table 1 ), according to GLENN (6), credence should be given to: 1) patterns predicted by hypotheses that are well-grounded in theory; 2) monotonic, or almost monotonic, variation within a row, column or cohort diagonal; 3) patterns common to several rows, columns, or cohort diagonals; and 4) patterns similar to those shown by other cohort studies with the same or similar dependent variables. Although points 1) and 4) apply to the Discussion, points 2) and 3) will be useful in presenting the Results.
In order to facilitate the visual inspection of Table 1 , its percentages were represented on a graph (Fig. 1) . Fig. 1 shows the age-speci®c percent of people visiting the dentist. Each cohort is represented by a threepoint line, corresponding to years 1987, 1993 and 1997, except the ®rst and last cohorts, which are represented by a single dot, and the second and next-to-last cohorts, which are represented by two point-lines.
The percentages in Table 1 allow three distinct visual comparisons. First, column comparisons (intercohort or cohort effects) reveal an increase up to age 10, followed by almost consistent age-group decreases for each of the surveys used. When the data were compared with the mean overall increases, a fairly strong pattern of change resulted from cohort succession. That is, as new cohorts entered the Table and older cohorts exited, the overall demand increased. The second pattern involves row comparisons (period effects). Nine of the 19 age groups established (0±4, 30±34, 40±44, 45±49, 60±64, 65±69, 70±74, 80±84 and 90±94) showed no consistent increase from one time period to the next. In general, however, the row comparisons seem to suggest a period effect that results in higher rates of dentist utilisation over time.
Because row comparisons also re¯ect cohort succession, and the column comparisons indicated a pattern of cohort effects, the row comparisons could be artifacts of the effects of cohort succession. The third pattern is seen in the diagonal comparisons in Table 1 (age or intracohort effects), or by looking at the tendency of each line in Fig. 1 . The diagonal comparisons indicate increasing dentist utilisation for younger cohorts. Older cohorts (particularly from cohort #13 on) evidence a decline in visits. The oldest cohorts show either a stable trend, or a noteworthy increase. The poor ®t of the age-drift model (Table 2 ) indicated non-regular period or cohort effects. The age-period model gave a poor ®t as well (Table 2) , and the full ageperiod-cohort model ®t no better than the age-cohort model. It follows that the age-cohort model provided a good description of the data ( Table 3 ), suggesting that birth cohort effects were in¯uential in dental utilisation. The longitudinal age curve modelled after the age-cohort model, as seen in Fig. 2 , illustrates that the rates of dental visiting tend to increase with age (i.e. over the time of the study) up to middle age, and then tend to decrease with age, except for the last two age groups. Cohort effects are represented in Fig. 3 : clearly, the younger the cohort, the higher the dental rate, this relationship being strongest for the cohorts born after 1977.
Discussion
The results indicate that cohort succession may be the mechanism by which the rates of dental care use have consistently shown an increase over time in Spain. As the older cohorts ± characterised by fewer dental visits ± die and are replaced by younger ones, the dental utilisation rate increases overall. This implies that the usual reports of decreasing demand with increasing age from single cross-sectional studies may be incomplete.
Three major methodological considerations identi®ed by GLENN (6) must be addressed at this point, as they can affect the validity of this type of analysis.
Sampling error. This is particularly the case for the last age groups, as they have a low sample size (Table 1 ) and therefore give wide con®dence intervals for their estimates in the age-cohort model (Fig. 2) . This problem also affects cohorts that are only observed in one or two age groups (®rst, second, and two last cohorts) ( Table 1 ). Note that the estimates of the odds ratios for these cohorts (Fig. 3) are wider.
Compositional change. a) As a birth cohort grows older, it suffers a loss in members owing to death. If the dental utilisation rate of the deceased differs, on the average, from that of the survivors, some intracohort and cross-sectional variation may be introduced in the cohort table as a result of this compositional change. For this reason, the estimates for the last cohorts in Fig. 3 should be interpreted with care. b) Because compositional change within cohorts may also occur due to migration into and out of a given population, cohort analysis should, ideally, be limited to``closed' populations (6). c) A further risk for intracohort studies (not for panel studies) is that many factors besides age, period and cohort that are associated with dental demand are mutable (i.e. socio-economic level, education, region, city population size, etc.). They cannot, then, be included as predictors or used as strati®cation variables, since it might result in a compositional change within the cells of the standard cohort table. This does not apply to sex. Sex-speci®c analyses were carried out, observing, for both males and females, similar age-cohort models (results not shown). d) Owing to the unequal spacing between periods ENS87 and ENS93 (5.5 yr) with respect to ENS93 and ENS97 (4.5 yr), there is a slightly incorrect classi®-cation bias (21) for the cohorts in our study. However, it did not prevent the age-cohort model from having a good ®t.
Confounding effects. The age-period-cohort analysis suffers from the confounding of one effect within the other two effects, known as the identi®cation problem (6) due to an inherent dependency between time scales. Passing through a 5-yr period necessarily means advancing 5 yr in age. In this sense, identical descriptions of data may be obtained from different sets of parameter values, leading to quite different interpretations (18) . Some authors suggest that modelling offers little advantage over descriptive approaches (22) , whereas others hold that modelling enhances information analysis in a parsimonious manner while making any limitations evident (11, 19) . After consideration of a number of cohort analysis methods, CLAYTON & SCHIFFLERS' method was selected as the best approach, since it does not attempt to solve the identi®cation problem (23) . One limitation of this method is that it implies the age effect is ®xed for all levels of period or cohort, which may not re¯ect reality.
As explained in the Results section, points one and four identi®ed by GLENN (6) are used to discuss our ®ndings. However, the order is changed for the sake of convenience. Thus: Point 4) Patterns similar to those shown by other cohort studies with the same or similar dependent variables: Previous authors, with either sequential crosssectional studies (12, 14, 17) or panel study (9) have consistently found a cohort effect, rather than a period effect, in dentist utilisation over time. The present study also arrives at a cohort effect despite relevant methodological differences: it is based on total population (the others study only adults), and Spain has witnessed a remarkable increase in the number of dentists.
Point 1) Patterns predicted by hypotheses wellgrounded in theory: In explaining the mechanisms why the birth cohort is associated with dental demand, it may be helpful to evoke the behavioural model of health service utilisation developed by ANDERSEN & NEWMAN (24) , adapted to dentistry by KIYAK (25) . Their model de®nes the use of health services as a function of predisposing factors (age, marital status, living arrangements, race, education, labour force participation, etc.), enabling conditions (family income, region of residence, population density, dentist accessibility, etc.), and needs (self-assessed health status, the extent of activity limitations due to health conditions, etc.). Most of these characteristics are mutable (can change over time), and some are associated with age as well. For example, a 10-yr follow-up panel study based on the elderly (65+) in Massachusetts (9) measured, together with age, period and cohort, covariates such as dentate status, education, income, and marital status according to self-reported dental visits in the previous 2 yr. Before adjusting for other covariates, cohort was signi®cantly associated with dental care use; but not so in the full multivariate model, after entering dentate status, education, and income. The authors did not interpret the latter variables as confounding, but rather as intermediate variables between cohort and dental visiting that explained the cohort effect. In Spain, available ENS reports ± corresponding to years 1987 (2), 1993 (3), 1995 (4) and 1997 (5) ± reveal a consistent association of dental visiting with age (greater in children compared to adults), sex (greater in females), education and social levels (greater in high levels), and city population size (greater in big cities). Many of these characteristics are associated with age, and their distribution has also changed during this 10-yr period. For example, there has been a general improvement in the socio-economic level (26) and in oral health (27±29).
A very important factor relevant to this study is the great increase in dentists. It should have led to the ageperiod model, yet it may have had an in¯uence on dental demand. One must bear in mind that if a factor operates differentially in the various age groups (i.e. there is an age-period interaction), then the age-cohort model may ®t better than the age-period model. For example, early exposure to preventive dentistry has been correlated to continued regular dental care (30) . One should take into account that public health initiatives in Spain, from 1990 slowly onward, such as¯uoride and sealant programs, are directed at children. Another possibility arises from the fact that`dental visit' does not take into consideration the complexity and amount of services provided (31, 32) . It may be that the great increase in the number of dentists has been accompanied by a change in the magnitude of treatment or in the philosophy behind treatment. The relationship between the increase in dentist utilisation can be interpreted as a cohort effect if it only relates to the treatment of children and adolescents. On the other hand, it could be part of a period effect affecting adults as well, along with the change in treatment criteria.
While the age-cohort model is an aid in understanding changes over time in dentist use, its value in the prediction of future trends is still uncertain. In view of the results described here, it may be that the effects of cohort succession on dental demand will lead to greater dentist utilisation, thereby offsetting the great reduction in workload per dentist in Spain (unpublished data). What is necessary at this point, as BARMES (33) underlines, is to go beyond identifying factors associated with the attendance patterns, and move towards a clearer notion of demands for speci®c services, through careful national monitoring.
